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(54) Infrared and ultraviolet radiation absorbing blue glass composition 



(57) The present invention provides a blue colored 
glass using a standard soda-lime-silica glass base com- 
position and additionally iron and cobalt as solar radia- 
tion absorbing materials and colorants. In particular, the 
blue colored glass includes about 0.53 to 1 .1 wt-% total 
iron, preferably about 0.6 to 0.85 wt.% and about 5 to 
40 PPM CoO, preferably about 15 to 30 PPM and a lu- 
minous transmittance of at least 55%. If desired, the 
composition may include up to about 100 PPM Cr 2 0 3 . 
The redox ratio for the glass of the present invention is 
maintained between about 0.25 to 0.35, preferably be- 



tween about 0.28 to 0.33. Preferably the glass color is 
characterized by a dominant wavelength (DW) of about 
485 to 491 nanometers and an excitation purity (Pe) of 
about 3 to 1 8 percent. In one particular embodiment of 
the invention, the color of the glass is characterized by 
a dominant wavelength in the range of about 487 to 489 
nanometers and an excitation purity of about 3 to 8 per- 
cent at a thickness of about 0.084 to 0.126 inches, an 
excitation purity of about 5 to 12 percent at a thickness 
of about 0.126 to 0.189 inches, and an excitation purity 
of about 10 to 18 percent at a thickness of about 0.189 
to 0.315 inches. 
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Description 

BACKGROUND OF THE INVENTION 

5 1 , Field of the Invention 

[0001] This invention relates to an infrared and ultraviolet radiation absorbing blue colored soda-lime-silica glass 
composition suitablefor architectural and automotive glazing applications. The glass should preferably have a dominant 
wavelength of about 485 to 491 nanometers (nm) and an excitation purity of about 3 to 1 8 percent. The glass is also 
10 compatible with flat glass manufacturing methods. 

2A. Technical Considerations 

[0002] Infrared and ultraviolet radiation absorbing colored glass substrates have a variety of different applications. 
is in particular, such glasses may be used by architects to glaze buildings and by vehicle designers as automotive win- 
dows. Besides providing an aesthetically pleasing color, these glasses may also provide enhanced solar performance 
as compared to conventional clear glass. 

[0003] Different materials may be added to the glass in order to provide the desired color and spectral performance. 
For example, iron, cobalt, nickel, selenium and titanium, to name a few, are typically added to provide the desired color 

20 composition. As materials are added to change color and enhance solar performance, care must be taken to maintain 
the visible light transmittance and color required for that particular application. It should also be remembered that 
changing the thickness of the glass will affect these spectral properties so that a particular composition which has 
acceptable color and performance at a particular thickness may not be acceptable at a different thickness. 
[0004] One particular blue composition that provides superior spectral performance is disclosed in U.S. Patent No. 

25 4,792,536 to Pecoraro et al. Commercial products which incorporate this patent are sold by PPG Industries, Inc. under 
the trademarks SOLEXTRA® and AZURLITE® . This glass incorporates a moderate amount of iron in the composition 
and has a relatively large portion of the glass in the ferrous state, expressed as FeO. In particular, the glass composition 
includes a basic soda-lime-silica composition and further includes 0.45 to 1 weight percent total iron (expressed as 
Fe 2 0 3 ). At least 35 percent of the total iron is in the ferrous state. The dominant wavelength of these glasses ranges 

30 from about 486 to 489 nm and excitation purity ranges from about 8 to 14 percent. From a processing standpoint, 
producing the glass disclosed in the patent with a high ratio of ferrous iron to total iron may require additional processing 
considerations not typically associated with conventional glass melting operations, as are well known in the art. How- 
ever, due to the favorable acceptance of this product, it would be advantageous to be able to produce a glass having 
a similar color and enhanced spectral performance using conventional glass melting processing techniques. 

35 

2B. Patents of Interest 

[0005] U.S. Patent No. 3,652,303 to Janakirama Rao discloses a blue, heat absorbing glass which incorporates low 
amounts of iron and uses tin to convert and retain a significant portion of the iron in the ferrous state, and in particular 
40 more than 80% of the iron is retained in the ferrous state. 

[0006] U.S. Patent Nos. 4,866,010 and 5,070,048 to Boulos et al. disclose blue glass compositions with a colorant 
portion consisting essentially of iron and cobalt and further including nickel and/or selenium. The glasses have a dom- 
inant wavelength of 482 nanometers (nm) ± 1 nm and a color purity of 13% ± 1%. 

[0007] U.S. Patent Nos. 5,013,487 and 5,069,826 to Cheng disclose blue colored glass compositions which include 
45 iron, titanium, tin and zinc as colorants. The glasses have a dominant wavelength ranging from 485 to 494 nm and a 
color purity of 5 to 9%. 

[0008] U.S. Patent No. 5,344,798 to Morimoto et al. discloses a blue glass composition which includes iron, cerium, 
titanium, zinc, cobalt and manganese. These glasses have a dominant wavelength of 495 to 505 nm and a color purity 
of 5 to 9%. 

50 

SUMMARY OF THE INVENTION 

[0009] The present invention provides a blue colored glass using a standard soda-lime-silica glass base composition 
and additionally iron and cobait as solar radiation absorbing materials and colorants. In particular, the blue colored 
55 glass includes about 0.53 to 1 .1 wt.% total iron, preferably about 0.6 to 0.85 wt.% and about 5 to 40 PPM CoO, preferably 
about 15 to 30 PPM and has a luminous transmittance of at least 55%. If desired, the composition may include up to 
about 1 00 PPM Cr 2 0 3 . The redox ratio for the glass of the present invention is maintained between about 0.25 to 0.35, 
preferably between about 0.28 to 0.33. According to a preferred embodiment the glass color is characterized by a 
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dominant wavelength (DW) of about 485 to 491 nanometers and an excitation purity (Pe) of about 3 to 18 percent. In 
one particular embodiment of the invention, the color of the glass is characterized by a dominant wavelength in the 
range of about 487 to 489 nanometers and an excitation purity of about 3 to 8 percent at a thickness of about 0.084 
to 0.126 inches, an excitation purity of about 5 to 12 percent at a thickness of about 0.126 to 0.189 inches, and an 
excitation purity of about 10 to 18 percent at a thickness of about 0.189 to 0.315 inches. 

DETAILED DESCRIPTION OF THE INVENTION 

[0010] The base glass composition of the present invention is commercial soda-lime-silica glass characterized as 
follows: 





Weight Percent 


Si0 2 


66 to 75 


Na 2 0 


10 to 20 


CaO 


5 to 15 


MgO 


0to5 


Al 2 0 3 


0to5 


K 2 0 


0to5 



As used herein, all "weight percent (wt.%)" values are based on the total weight of the final glass composition. 
[0011] To this base glass, the present invention adds infrared and ultraviolet radiation absorbing materials and col- 
orants in the form of iron and cobalt, and optionally chromium. As disclosed herein, iron is expressed in terms of Fe 2 0 3 
and FeO, cobalt is expressed in terms of CoO, and chromium is expressed in terms of Cr 2 0 3 . It should be appreciated 
that the glass compositions disclosed herein may include small amounts of other materials, for example melting and 
refining aids, tramp materials or impurities. It should be further appreciated that in one embodiment of the invention, 
small amounts of additional materials may be included to color the glass and/or improve its solar performance, as will 
be discussed later in more detail. 

[0012] The iron oxides in a glass composition perform several functions. Ferric oxide, Fe 2 0 3 , is a good ultraviolet 
radiation absorber and operates as a yellow colorant in the glass. Ferrous oxide, FeO, is a good infrared radiation 
absorber and operates as a blue colorant. The total amount of iron present in the glasses disclosed herein is expressed 
in terms of Fe 2 0 3 in accordance with standard analytical practice, but that does not imply that all of the iron is actually 
in the form of Fe 2 0 3 . Likewise, the amount of iron in the ferrous state is reported as FeO, even though it may not 
actually be present in the glass as FeO. In order to reflect the relative amounts of ferrous and ferric iron in the glass 
compositions disclosed herein, the term "redox" shall mean the amount of iron in the ferrous state (expressed as FeO) 
divided by the amount of total iron (expressed as Fe 2 0 3 ). Furthermore, unless stated otherwise, the term "total iron" 
in this specification shall mean total iron expressed in terms of Fe 2 0 3 , the term "Fe 2 0 3 " shall mean iron in the ferric 
state expressed in terms of Fe 2 0 3 and the term "FeO" shall mean iron in the ferrous state expressed in terms of FeO. 
[0013] CoO operates as a blue colorant and a weak infrared radiation absorber in the glass. Cr 2 0 3 may be added 
to impart a green color component to the glass composition. In addition, it is believed that the chromium may also 
provide some ultraviolet radiation absorption. A proper balance between the iron, i.e. ferric and ferrous oxides, and 
cobalt, and optionally chromium, content is required to obtain a glass with the desired blue color and spectral properties. 
[0014] The glass of the present invention may be melted and refined in a continuous, large-scale, commercial melting 
operation and formed into flat glass sheets of varying thickness by the float method in which the molten glass is sup- 
ported on a pool of molten metal, usually tin, as it assumes a ribbon shape and is cooled. It should be appreciated that 
as a result of forming the glass on molten tin, measurable amounts of tin oxide may migrate into surface portions of 
the glass on the side that was in contact with the tin. Typically, a piece of float glass has an Sn0 2 concentration of at 
least 0.05 wt.% in the first few microns below the surface of the glass that was in contact with the tin. 
[0015] Although it is preferred that the glass disclosed herein be made using a conventional, overhead fired contin- 
uous melting operation, as is well known in the art, the glass may also be produced using a multi-stage melting oper- 
ation, as disclosed in U.S. Patent Nos. 4,381 ,934 to Kunkle et al., 4,792,536 to Pecoraro et al. and 4,886,539 to Cerutti 
et al. If required, a stirring arrangement may be employed within the melting and/or forming stages of the glass pro- 
duction operation to homogenize the glass in order to produce glass of the highest optical quality. 
[001 6] Tables 1 and 5 illustrate examples of glass compositions which embody the principles of the present invention. 
PA 1 , PA 2 and PA 3 represent prior art blue glasses, Examples 1 to 14 are experimental melts and Examples 15 to 
25 are computer modeled compositions generated by a glass color and spectral performance computer model devel- 
oped by PPG Industries, Inc. Only the iron and cobalt portions of Examples 1 to 14 are listed in the Table 1 . Table 5 
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further includes the chromium content for Examples 15 to 25. Tables 2 to 4 and 6 to 8 list the spectral properties of 
Examples 1 to 14 shown in Table 1 and Examples 15 to 25 shown in Table 5, respectively, at reference thicknesses of 
0.089 inches (2.3 mm), 0.154 inches (3.9 mm) and 0.223 inches (5.5 mm), respectively. With respect to the data 
provided in Tables 2 to 4, the luminous transmittance (LTA) is measured over the wavelength range 380 to 770 na- 

5 nometers using the CLE. 2° observer and the weighting factors for CLE. standard illuminant "A". The solar transmit- 
tance (LTS) is measured over the wavelength range of 380 to 770 nm using the CLE. 2° observer and the weighting 
factors specified in ASTM 891-87. Glass color, in terms of dominant wavelength (DW) and excitation purity (Pe), is 
measured using CLE. standard illuminant "C" with a 2° observer, following the procedures established in ASTM 
E308-90. The total solar ultraviolet transmittance (TSUV) is measured over the wavelength range 300 to 400 nanom- 

10 eters, total solar infrared transmittance (TSIR) is measured over the wavelength range 720 to 2000 nanometers, and 
total solar energy transmittance (TSET) is measured over the wavelength range 300 to 2000 nanometers. The TSUV, 
TSIR and TSET transmittance data is calculated using Parry Moon air mass 2.0 direct solar irradiance data and inte- 
grated using the Trapezoidal Rule, as is known in the art. The shading coefficient (SC), which is the ratio of the total 
solar heat gain for a sample to the total solar heat gain of a nominal 3 mm thick (1/8 inch) clear glass reference, is 

15 calculated using the Window 4.1 computer program available from Lawrence Berkeley Laboratory. The spectral prop- 
erties presented in Tables 6 to 8 for the modeled compositions are based on the same wavelength ranges and calcu- 
lation procedures. 

Sample Preparation 

[001 7] Examples 1 to 5 - The information provided in Table 1 for Examples 1 to 5 is based on experimental laboratory 
melts having approximately the following basic batch components: 



sand 


500 gm 


soda ash 


162.8 gm 


limestone 


42 gm 


dolomite 


121 gm 


salt cake 


2.5 gm 


rouge 


as required 


Co 3 0 4 


as required 



Coal was added to each melt to control redox. In preparing the melts, the ingredients were weighed out and blended 
in a mixer. Half of the material was then placed in a refractory silica crucible and heated to 2650°F (1454°C) for 30 
35 minutes. The remaining material was then added to the crucible and heated to 2650°F (1454°C) for VA hours. Next, 
the molten glass was fritted in water, dried and reheated at 2650°F (1454°C) for one hour. The molten glass was then 
fritted a second time in water, dried and reheated to 2650°F (1454°C) fortwo hours. The molten glass was then poured 
out of the crucible and annealed. 

[001 8] Examples 6 to 9 - The information provided in Table 1 for Examples 6 to 9 is based on experimental laboratory 
40 melts having approximately the following basic batch components: 



sand 


260.4 gm 


soda ash 


82.3 gm 


limestone 


22.1 gm 


dolomite 


62.5 gm 


gypsum 


1.68 to 3.39 gm 


Co 3 0 4 


0.0081 gm 


rouge 


as required 


SOLEX® glass cuilet 


as required 



Carbon containing material was added to the batch material to control the redox level, for example as disclosed in U. 
S. Patent No. 4,551,161 to Savolskis et al. SOLEX® glass is a green colored soda-lime-silica glass sold by PPG 
Industries, Inc. which is used in automotive glazing applications and generally has a total iron content of about 0.52 
55 wt.% and an FeO content of about 0.13 wt.%. in preparing the melts, the ingredients were weighed out and blended 
in a mixer. The material was then placed in a refractory silica crucible and heated to 2600°F (1427°C) for 90 minutes. 
The molten glass was then poured out of the crucible and annealed. 

[0019] Examples 10 to 14 - The information provided in Table 1 for Examples 10 to 14 is based on experimental 
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laboratory melts having approximately the following basic batch components: 



5 



SOLEX®gle 


iss cullet 


3000 gm 


rouge 




as required 


Co 3 0 4 




as required 



Graphite was added to each melt to control redox. In preparing the melts, the ingredients were weighed out and blended 
in a mixer. The material was then placed in a platinum - 10% rhodium alloy crucible and heated to 2650°F (1454°C) 
for two hours. Next, the molten glass was fritted in water, dried and reheated at 2650°F (1454°C) for one hour. The 
molten glass was then fritted a second time in water, dried and reheated to 2700°F (1482°C) for two hours. The molten 
glass was then poured out of the crucible and annealed. 

[0020] The chemical analysis of the glass compositions was determined using a RIGAKU 3370 X-ray fluorescence 
spectrophotometer. The FeO content was determined using spectral analysis or wet chemistry techniques, as are well 
known in the art. The spectral characteristics of the glass were determined on annealed samples using a Perkin-Elmer 
Lambda 9 UV/VIS/NIR spectrophotometer prior to tempering the glass or prolonged exposure to ultraviolet radiation, 
which will affect the spectra! properties as will be discussed later. 

[0021] The following is representative of the basic oxides of the glasses disclosed in Table 1 : 



20 



25 



Si0 2 


72.4 to 74 wt% 


Na 2 0 


12.9 to 13.7wt.% 


K 2 0 


0.042 to 0.056 wt.% 


CaO 


8.2 to 9.1 wt.% 


MgO 


3.5 to 3.9 wt.% 


Al 2 0 3 


0.14 to 0.2 wt.% 



It is expected that the basic oxide constituents of the computer generated glass compositions in Table 5 would be similar. 
[0022] Although not included in Table 1, Examples 1 to 14 also included from about 5 to 10 PPM Cr 2 0 3 , which at 
those levels is considered to be a tramp and/or residual level, most likely introduced into the glass composition from 

30 the batch raw materials or glass processing equipment. In addition, Examples 1, 3-5 and 10-13 included up to about 
39 PPM Mn0 2 which amount is also considered to be a tramp and/or residual level. Examples 2 and 14 were not 
analyzed for Mn0 2 . Furthermore, Examples 6 to 9 included 228, 262, 284 and 354 PPM Mn0 2 , respectively. It is 
believed that these higher levels of Mn0 2 were due to the particular cullet used in making the samples. Computer 
generated Examples 15-18, 20 and 22-25 in Table 5 were modeled to include 30 PPM Mn0 2 . Examples 19 and 21 are 

35 similar in composition to Example 20 except that they include no Mn0 2 and 300 PPM Mn0 2 , respectively. Mn0 2 has 
been used to help control redox in glass compositions. In the glass compositions disclosed in the present invention, it 
is believed that the presence of up to about 0.1 wt.% Mn0 2 will not affect the color or performance of the glass. 
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[0023] Referring to Tables 1 to 8, the present invention provides a blue colored glass using a standard soda-lime- 
silica glass base composition and additionally iron and cobalt, and optionally chromium, as infrared and ultraviolet 
radiation absorbing materials and colorants. In particular, the infrared and ultraviolet radiation absorbing and colorant 
portion of the glass includes about 0.53 to 1.1 wt.% total iron, preferably about 0.60 to 0.85 wt.% total iron, and about 
5 to 40 PPM CoO, preferably about 1 5 to 30 PPM CoO. In addition, the composition may include up to 1 00 PPM Cr 2 0 3 , 
preferably 25 to 50 PPM. The glass has a redox of about 0.25 to 0.35. preferably from about 0.28 to 0.33 and a luminous 
transmittance (LTA) of at least 55%. In the present invention, it is important that the glass have a dominant wavelength 
of between about 485 to 491 nm, preferably about 487 to 489 nm, and an excitation purity of about 3 to 1 8%. It should 
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be appreciated that excitation purity depends on glass thickness. As a result, it is preferred that glass of the present 
invention having a thickness of about 0.084 to 0.126 inches (2.1 to 3.2 mm) have a Pe of about 3 to 8%; a thickness 
of about 0.126 to 0.189 inches (3.2 to 4.9 mm) have a Pe of about 5 to 12%; and a thickness of about 0.189 to 0.315 
inches (4.9 to 8 mm) have a Pe of about 10 to 18%. 

s [0024] Glass compositions as disclosed herein and made by the float process typically range from a sheet thickness 
of about 1 millimeter to 1 0 millimeters. For the vehicle glazing applications, it is preferred that the glass sheets having 
a composition as disclosed herein have a thickness within the range of 0.071 to 0.197 inches (1.8 to 5 mm). It is 
anticipated that when using a single glass ply, the glass will be tempered, e.g. for an automotive side or rear window, 
and when multiple plies are used, the glass will be annealed and laminated together using a thermoplastic adhesive, 

10 e.g. an automobile windshield which laminates two annealed glass plies together using a polyvinyl butyra! interlayer. 
In addition, when the glass is used in selected areas of a motor vehicle, e.g. the windshield and front door windows 
and in some instances the rear window, it is required that the glass have an LTA of at least 70%. In addition, the glass 
compositions disclosed in the present invention should have a TSUV of no greater than 60%, preferably no greater 
than 50%, a TSIR of no greater than about 35%, preferably no greater than about 30%, and a TSET of no greater than 

15 about 55%, preferably, no greater than about 50% at a thickness of about 0.154 inches. 

[0025] In architectural glazing applications, there is generally no legal requirement with respect to solar transmittance 
(LTS) of the glass; however in the present invention, it is preferred that the glass have an LTS of about 60 to 70%, 
preferably about 63 to 67% and a shading coefficient of no greater than about 0.70, and preferably no greater than 
about 0.65 at a thickness of about 0.223 inches. 

20 [0026] It is expected that the spectral properties of the glass will change after tempering the glass and further upon 
prolonged exposure to ultraviolet radiation, commonly referred to as solarization. In particular, it is estimated that tem- 
pering and solarization of the glass compositions disclosed herein will reduce LTA, LTS and TSIR by about 0.5 to 1 % : 
reduce the TSOV by about 1 to 2%, and TSET by about 1 to 1.5%. As a result, in one embodiment of the invention, 
the glass composition has selected spectral properties that initially fall outside the desired ranges previously discussed 

25 but fall within the desired ranges after tempering and/or solarization. 

[0027] It should also be appreciated that since the luminous and solar transmittance (LTA and LTS) is reduced by 
these conditions, in order to maintain the transmittance above a desired minimum level, the initial LTA or LTS of the 
glass after production should be sufficiently high so that any losses attributable to tempering and solarization will not 
reduce the transmittance to an unacceptable level. 

30 [0028] As discussed earlier, other materials may also be added to the glass compositions disclosed herein to further 
reduce infrared and ultraviolet radiation transmission and/or control glass color. Inclusion of chromium and manganese 
has been discussed earlier. It is contemplated that the following materials may also be added to the iron and cobalt 
containing soda-lime-silica glass disclosed herein: 



35 



40 



Sn0 2 


0 to about 2.0 wt.% 


Ce0 2 


0 to about 1 .0 wt.% 


Ti0 2 


0 to about 0.5 wt.% 


ZnO 


0 to about 0.5 wt.% 


Nd 2 0 3 


0 to about 0.5 wt.% 


Mo0 3 


Oto about 100 PPM 


v 2 o 5 


0 to about 75 PPM 


NiO 


0 to about 10 PPM 


Se 


Oto about 3 PPM 



As should be appreciated, adjustment may have to be made to the basic constituents of the glass to account for any 
coloring and/or redox affecting power of these additional materials. 

[0029] Other variations as are known to those of skill in the art may be resorted to without departing from the scope 
of the invention as defined by the claims that follow. 
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Claims 

1. A blue colored, infrared and ultraviolet radiation absorbing glass composition having a base glass portion com- 
prising: 



SiOo 



66 to 75 percent by weight 
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(continued) 


Na 2 0 


1 0 to 20 percent by weight 


CaO 


5 to 15 percent by weight 


MaO 
iviy w 


n tn ^ norr^ont h\/ wf^inht 
u iu j jjciuctii uy wciyiu 


Al 2 0 3 


0 to 5 percent by weight 


K 2 0 


0 to 5 percent by weight 



and a solar radiation absorbing and colorant portion comprising: 



total iron 


0.53 to 1 . 1 percent by weight 


CoO 


5 to 40 PPM 


Cr 2 0 3 


0 to 100 PPM, 



the glass having a redox of 0.25 to 0.35, and a luminous transmittance of at least 55%. 
2. The glass composition according to claim 1 comprising: 



Si0 2 


66 to 75 percent by weight 


Na 2 0 


1 0 to 20 percent by weight 


CaO 


5 to 15 percent by weight 


MgO 


0 to 5 percent by weight 


Al 2 0 3 


0 to 5 percent by weight 


K 2 0 


0 to 5 percent by weight 



comprising a solar radiation absorbing and colorant portion consisting essentially of: 



total iron 


0.53 to 1.1 percent by weight 


CoO 


5 to 40 PPM 


Sn0 2 


0 to 2.0 percent by weight 


Ce0 2 


0 to 1 .0 percent by weight 


Ti0 2 


0 to 0.5 percent by weight 


ZnO 


0 to 0.5 percent by weight 


Nd 2 0 3 


0 to 0.5 percent by weight 


Mn0 2 


0 to 0.1 percent by weight 


Mo0 3 


Oto 100 PPM 


Cr 2 0 3 


Oto 100 PPM 


v 2 o 5 


Oto 75 PPM 


NiO 


0 to 10 PPM 


Se 


0 to 3 PPM 



\. The composition as in claims 1 or 2 wherein the total iron concentration is from 0.6 to 0.85 weight percent and the 
redox is from 0.28 to 0.33. 

k The composition as in claims 1 or 2 wherein the CoO concentration is from 15 to 30 PPM. 

k The composition as in any of claims 1 to 4 wherein the glass has a luminous transmittance of 70 percent or greater. 

i. The composition as in any of claims 1 to 5 wherein the glass has a solar transmittance of 60 to 70 percent and a 
shading coefficient of about 0.70 or less. 

The composition as in any of claims 1 to 6 wherein the Cr 2 0 3 concentration is from 25 to 50 PPM. 
i. The composition as in any of claims 1 to 7 wherein the glass has a total solar ultraviolet transmittance of 60 percent 
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or less, a total solar infrared transmittance of 35 percent or less and a total solar energy transmittance of 55 percent 
or less at a thickness of about 3.91 mm (0.154 inches). 

9. The composition as in claim 8 wherein the glass has a total solar ultraviolet transmittance of 50 percent or less, a 
total solar infrared transmittance of 30 percent or less and a total solar energy transmittance of 50 percent or less 
at a thickness of about 3.91 mm (0.154 inches). 

10. The composition as in claim 9 wherein the glass has a solar transmittance of 63 to 67 percent and a shading 
coefficient of 0.65 or less at a thickness of about 5.7 mm (0.223 inches). 

1 1 . The composition as in any of claims 1 to 1 0 wherein the color of the glass is characterized by a dominant wavelength 
in the range of 487 to 489 nanometers. 

12. The composition as in any of claims 1 to 1 1 wherein the color of the glass is characterized by an excitation purity 
15 of 3 to 8 percent at a thickness of 2.13 to 3.2 mm (0.084 to 0.126 inches), an excitation purity of 5 to 12 percent 

at a thickness of 3.2 to 4.8 mm (0.126 to 0.189 inches), and an excitation purity of about 10 to 18 percent at a 
thickness of 4.8 to 8.0 mm (0.1 89 to 0.315 inches). 

13. The glass composition of any of claims 1 to 12 further comprising melting and refining aids, tramp materials and/ 
20 or impurities. 

14. A glass sheet made from the composition as recited in any of claims 1 to 13. 

15. The glass sheet as in claim 14 wherein the sheet has a thickness between 1.8 to 10 mm. 
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16. A process for making a glass sheet, wherein the glass composition of any of claims 1 to 15 is molten, the molten 
glass composition is formed into a flat glass sheet by a float method in which the molten glass is supported on a 
pool of molten metal as it assumes a ribbon shape and is cooled. 



16 



EP 1 132 350 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 10 5245 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with Indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lm.CI-7) 



D,X 



US 5 346 867 A (J.V. JONES ET AL.) 
13 September 1994 (1994-09-13) 

* column 1, line 12 - line 20; claims 1-6; 
table 5 * 

EP 0 527 487 A (CENTRAL GLASS COMPANY 
L0MITED) 17 February 1993 (1993-02-17) 

* column 13, line 16 - line 23 * 

DE 196 36 303 A (C. DUP0NT) 

13 March 1997 (1997-03-13) 

* page 5, line 33 - line 40; claims 1-6 * 

FR 2 672 587 A (NIPPON SHEET GLASS CO LTD) 

14 August 1992 (1992-08-14) 

* page 5, line 5 - line 24; claims * 

US 5 478 783 A (P.L.HIGBY ET AL. ) 
26 December 1995 (1995-12-26) 

* column 3, line 10 - line 15; tables * 

EP 0 644 164 A (SAINT G0BAIN VITRAGE) 
22 March 1995 (1995-03-22) 

* page 3, line 16 - line 46 * 

EP 0 677 492 A (FORD MOTOR COMPANY) 
18 October 1995 (1995-10-18) 

* the whole document * 



1-16 



1-16 



1-16 



1-16 



1-16 



1-16 



1-16 



The present search report has been drawn up for all claims 



C03C3/087 

C03C4/02 

C03C4/08 



TECHNICAL FIELDS 
SEARCHED (lnLCL7) 



C03C 



THE HAGUE 



Date of completion ol th* *»arcfi 

9 July 2001 



Examner 

Reedljk, A 



category of cited documents 

X : particularly relevant If taken alone 

V : particularly relevant if combined with another 

document ol the same category 
A . technological background 
O : non-wrtlen disclosure 
P . tntermedlate document 



T ; theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing dale 
D : document cited In Ihe application 
L : document cHed lor other reasons 

& : member of the same patent lamlly, corresponding 
document 



17 



EP 1 132 350 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 10 5245 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The membe* s are as contained in the European Patent Office EDP file on 

The European Patent Office Is In no way liable for these particulars which are merely given for the purpose of information. 

09-07-2001 







Publication 




Patent family 




Publication 


cited in search report 




date 




members) 




date 


3 JtvOU/ 


A 


13-09-1994 


PA 


2179146 


A 


C C UU 1 37J 






CN 


1137785 A,B 


11-12-1996 






DE 


69405011 


D 


18-09-1997 






DE 


69405011 


T 


08-01-1998 






EP 


0734358 


A 


02-10-1996 






ES 


2105870 


T 


16-10-1997 






WO 


9516641 


A 


22-06-1995 






JP 


2892839 


B 


17-05-1999 






JP 


9506584 


T 


30-06-1997 






US 


5521128 


A 


28-05-1996 


EP 527487 


A 


17-02-1993 


JP 


6001633 


A 


11-01-1994 






JP 


2544035 


B 


16-10-1996 






JP 


5043266 


A 


23-02-1993 






DE 


69215159 


D 


19-12-1996 






DE 


69215159 


T 


06-03-1997 






US 


5344798 


A 


06-09-1994 


DF 19636303 

L/C 17V JUJ 


A 


13-03-1997 


1 U 


88653 


A 








BE 


1009572 


A 


06-05-1997 






BR 


9604208 


A 


26-05-1998 






CZ 


9602609 


A 


11-06-1997 






ES 


2152759 


A 


01-02-2001 






FR 


2738240 


A 


07-03-1997 








2304709 


A,B 


?6-fn-1 QQ7 






IT 


T0960721 


A 


02-03-1998 






JP 


3127201 


B 


22-01-2001 






JP 


9124341 


A 


13-05-1997 






NL 


1003958 


C 


03-04-1997 






NL 


1003958 


A 


11-03-1997 






PL 


315934 


A 


17-03-1997 






PT 


101913 


A,B 


30-04-1997 






SE 


507978 


C 


03-08-1998 






SE 


9603216 


A 


07-03-1997 






US 


5877103 


A 


02-03-1999 


FR 2672587 


A 


14-08-1992 


DE 


4203578 


A 


27-08-1992 






JP 


3116070 


B 


11-12-2000 






JP 


5058670 


A 


09-03-1993 






KR 


208922 


B 


15-07-1999 






US 


5318931 


A 


07-06-1994 


US 5478783 


A 


26-12-1995 


AU 


699949 


B 


17-12-1998 






AU 


3137295 


A 


04-03-1996 






AU 


715351 


B 


20-01-2000 






AU 


9046798 


A 


07-01-1999 



For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



18 



EP1 132 350 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 10 5245 



This annex lists the patent family members relating to the patent documents cited In the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP fBe on 

The European Patent Office Is in no way Ma We tor these particulars which are merely given for the purpose ot information. 

09-07-2001 



rtllOlll UUvrUint;i 

cited In search report 


rutjutaiion 

date 


Patent family 
mernber(s) 


r^UDHCaUUfl 

date 


US 5478783 A 




RP 




05-08-1997 








C I f ClOO n 


15-02-1996 






t fi 


1 1 7^744 A 


13-11-1996 






UL 




13-06-2001 






L r 


1flfi7flQR A 
IUO/UjO n 


10-01-2001 






EP 


0721429 A 


17-07-1996 






JP 


9505797 T 


10-06-1997 






TR 


960782 A 


21-10-1996 






WO 


9604212 A 








US 


5928974 A 


27-07-1999 






US 


5910460 A 


08-06-1999 






ZA 


9506370 A 


14-03-1996 


EP 644164 A 


22-03-1995 


FR 


2710050 A 


24-03-1995 






BR 


9403753 A 


16-05-1995 






CA 


2132147 A 


18-03-1995 






CN 


1109848 A,B 


11-10-1995 






CZ 


9402282 A 


18-10-1995 






DE 


69419989 D 


16-09-1999 






DE 


69419989 T 


27-01-2000 






ES 


2135550 T 


01-11-1999 






JP 


7330371 A 


19-12-1995 






PL 


305070 A 


20-03-1995 






US 


5700579 A 


23-12-1997 






US 


5817587 A 


06-10-1998 


EP 677492 A 


18-10-1995 


CA 
nr 

DE 
JP 


2143968 A 

6QM17RD D 

VjJ 11/ JU U 

69511750 T 
7267675 A 


11-09-1995 
07-10-1999 
23-12-1999 
17-10-1995 ! 



uj For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



19 



